In this study, preparation and decomposition of five novel pentavalent fluorosiliconates, RSi(CH 3 ) 3 3 SiO, and (CH 3 ) 3 SiNH). We use the fluoride affinity of the silanes and the FSi(CH 3 ) 3 affinity of the departing nucleophilic anion to assess the feasibility of fluorideinduced desilylation of the silanes examined in this work. (J Am Soc Mass Spectrom 2005, 16, 697-707)
D
esilylation via halogen addition is a common synthetic approach [1] . Indeed, silyl moieties are often used as protecting groups because of the ease of their removal with fluoride and chloride [2, 3] . Extension of this Group 14 chemistry has led to the process of fluoride-induced destannylation, also wellknown within the literature [4, 5] . Fluoride-induced desilylation is particularly useful because the formation of the strong SiOF bond is a highly selective procedure [1] . In the gas phase, fluoride-induced desilylation, pioneered by DePuy et al. [6, 7] , is also very functional and has been used extensively to generate carbanions regioselectively via the general reaction shown in eq 1.
(1)
In particular, fluoride-induced desilylation has been used to generate various cyclic [8, 9] and alkenyl ions [10] in the gas phase, and overviews of the reactivity are available [7, 11] . By using the reaction of fluoride with silanes, Kass and coworkers have prepared several anions for characterization, including acetamide enolate [12] , cyclopropenyl derivatives [8, 13] , and cubyl anion [14] . In addition, reaction of fluoride with disilanes causes cleavage of SiOSi bonds to produce silyl anions [15, 16] . Lastly, a variation of fluoride-induced desilylation involving the reaction of trimethylsilyl substituted anions has also been used to prepare open-shell anions of biradicals, triradicals, and beyond [9, [17] [18] [19] [20] [21] [22] .
In general, fluoride-induced desilylation is believed to occur through a fluorinated pentavalent siliconate intermediate, followed by elimination of the neutral silane (eq 1), analogous to an S N 2 reaction in carbon systems [23] . However, because third row and lower main-group elements (e.g., P, S, Cl) readily undergo hypervalent bonding [24] , the pentavalent siliconate is a stable intermediate in the reaction and can, in many cases, be observed [25] [26] [27] [28] . Because of their stability, siliconates are often used in fundamental studies of hypervalency [26, 29 -32] , as well as in numerous theoretical [33, 34] and experimental [7, 29, [35] [36] [37] [38] [39] [40] studies.
In continuation of our interest in inorganic main group gas-phase chemistry [27, 28] , we have studied the formation and decomposition of a series of pentavalent fluorosiliconates, RSi(CH 3 ) 3 F Ϫ . Although there has been some thermochemical characterization of pentavalent siliconates, the effects of substitution are not well known [41] . Chloride and fluoride affinities have been reported for some silanes [42] [43] [44] , but there are few other experimental nucleophilic affinities. Most negative ion studies of silanes have focused upon reactivity [45] [46] [47] [48] [49] with few studies looking specifically at siliconrelated ion thermochemistry [27, 28, 43, 50] .
In this work, pentavalent siliconates are prepared by the termolecular addition of fluoride to the silane, giving an adduct RSi(CH 3 ) 3 F Ϫ . Upon collisional activation, the siliconate decomposes by loss of nucleophile R Ϫ , leaving fluorotrimethylsilane. We use energyresolved collision-induced dissociation (CID) of the pentavalent siliconates to determine enthalpies for binding of FSi(CH 3 ) 3 to the anions. The binding energy of the silane to nucleophiles is important to know because it is the energy that must be overcome to form ions through fluoride-induced desilylation of trimethylsilyl substituted silanes.
The silanes examined in this study include those with alkoxy (R ϭ CH 3 3 , the 2,2,2-trifluoroethoxy substituent is expected to have a smaller binding affinity because of the electron-withdrawing effect of the trifluoromethyl group. Although isoproproxy-and 2,2,2-trifluoroethoxytrimethylsilane have limited synthetic use, ethoxytrimethylsilane is an important polysiloxane precursor and is used to prepare esters, ethers and glycols [51, 52] . Hexamethyldisiloxane and 1,1,1,3,3,3-hexamethyldisilazane (HMDS) are isoelectronic, so it is of interest to determine the differences in reactivity and thermochemistry between the oxygen and the nitrogen systems. Hexamethyldisiloxane is used extensively in synthesis [53, 54] and polymerizations, whereas (CH 3 ) 3 SiNHSi(CH 3 ) 3 (and its derivatives) are the primary species used as bulky amido ligands. HMDS has also been used to silylate glass capillary columns for chromatography [55] . In general, the synthetic utility of both (CH 3 ) 3 SiOSi(CH 3 ) 3 and (CH 3 ) 3 SiNHSi(CH 3 ) 3 is widespread [52] .
Experimental

Instrumental Description and Data Analysis
All gas-phase ion/molecule reactions were carried out using a flowing afterglow-triple quadrupole mass spectrometer that has been described previously [56, 57] . Fluoride was prepared by 70 eV electron ionization of neutral fluorine gas (5% in He, Spectra Gases Inc., Branchburg, NJ) and carried by helium buffer gas (0.400 Torr, flow(He) ϭ 190 STP cm 3 /s) through the flow tube, where it was allowed to react with vapors from silanes added through micrometering valves. In order to increase yield of ions, the reactions were carried out in the presence of wet THF [58] .
Ions generated in the flow tube were sampled through a 1 mm nose cone orifice into a differentially pumped region, where they were analyzed using a triple quadrupole mass filter (EXTREL, Inc. Pittsburgh, PA). Collision-induced dissociation was carried out by mass selecting the reactant ion of interest with the first quadrupole and injecting the ion into the second quadrupole, which serves as a collision cell containing argon as the target gas. The CID collision energy was controlled by the pole offset voltage, and the absolute energy origin was established by using retarding potential analysis. The uncertainty in the absolute energy scale is estimated to be Ϯ 0.15 eV in the laboratory frame.
Product ions were mass analyzed with the third quadrupole and detected with a channeltron particle detector operated in pulsed-counting mode. Cross sections for CID, , are calculated using I/I 0 ϭ Nl, where I and I 0 are the intensities of the product and reactant ions, respectively, N is the number density of the target, and l is the effective collision path length, calibrated to be 24 Ϯ 4 cm [57] by using the reaction of Ar ϩ ϩ D 2 , which has a well-established cross section [59] . Cross sections were measured as a function of target pressure and extrapolated to zero pressure, single collision conditions. Cross sections were modeled with the exponential expression shown in eq 2 [60] [61] [62] [63] , where E is the center-of-mass collision energy of the reactant ion, g i is the fraction of the ions with internal energy E i , E 0 is the threshold energy for dissociation, n is a parameter that reflects the energy deposition in the collision [64] , and 0 is a scaling factor. The data are modeled by adjusting the parameters to fit the steeply rising portion of the appearance curve(s) directly past the threshold. Convoluted in the fit are the ion kinetic energy distributions, approximated as a Gaussian with a 1.5 eV (laboratory frame) full-width at halfmaximum, and a Doppler broadening function to account for motion of the target. The factor P i is the probability for ion dissociation with the given internal energy, calculated from RRKM theory.
For direct dissociation reactions, product-like transition states were assumed, corresponding to the phase-space limit [65] . Activation entropies for direct dissociation reactions are generally ϩ10 -20 cal/ mol · K, indicating loose transition states. Data analysis and modeling were carried out using the CRUNCH 4D program developed by Armentrout and coworkers [59, 60, [65] [66] [67] . In the absence of reverse activation barriers, threshold energies can be equated with 0 K ⌬E values and converted to 298 K bond dissociation enthalpies by using the integrated heat capacities of reactants and products. Uncertainties in enthalpy values were calculated by statistical combination of the uncertainty in the absolute energy scale for the experiment, the standard deviation of values obtained from replicate experimental trials, and uncertainty from error in the transition state. Error in the transition state was estimated as the change in the dissociation energy that results when the frequencies of the transition state are scaled to change the activation entropy by Ϯ2 cal/mol · K. In the case of multiple product channels, the transition state error was determined separately for each channel, and then combined into an overall transition state error for all pathways. Uncertainty for the parameter n was determined in an analogous fashion.
Materials
Unless otherwise indicated, reagents were used as received without further purification. Helium gas was purified via a liquid nitrogen trap containing molecular sieves. All silanes were distilled, dried over molecular sieves, stored at Ϫ10°C and freeze-pump-thawed prior to use. Wet THF was prepared by adding approximately 2% H 2 O to THF (Mallinckrodt, Phillipsburg, NJ), and freezepump-thawed prior to use. All silanes except 2,2,2-trifluoroethoxytrimethylsilane were commercially obtained (Aldrich, Milwaukee, WI). A lab sample of 2,2,2-trifluoroethoxytrimethylsilane was prepared as described by Kirchmeier and co-workers [68] .
Computational Methods
Rotational constants and frequencies of reactants, transition states, and products, required to calculate the internal energies of the ion and the RRKM dissociation rates, were calculated at the B3LYP/6-31 ϩ G* level of theory using Gaussian 03 [69] . Additionally, geometries, energies, and frequencies for reactants and products related to the fluoride adduct of HMDS were calculated at the MP2/6-31 ϩ G* level of theory. Absolute energies, geometries and frequencies are available upon request. Bond dissociation energies are not corrected for basis set superposition error.
Results
The following section describes the results of the studies of the collision-induced decomposition of the fluoride adducts of the five silanes. General reactivity for the process R 3 SiA ϩ Nu Ϫ has been described in detail in the review by Damrauer and Hankin [70] , so we have focused this work on the formation of fluoride adducts and their properties. All reactions were carried out by the termolecular addition of fluoride ion to the silanes in the presence of wet THF. Although the wet THF is not required, it promoted larger yields of ionic products for all of the silane reactions, presumably by solvating the fluoride. None of the fluorosiliconates prepared from this study have been reported previously. For most of the oxygenated siliconates, RSi(CH 3 ) 3 F Ϫ (R ϭ CH 3 CH 2 O, CF 3 CH 2 O, (CH 3 ) 2 CHO and (CH 3 ) 3 SiO), dissociation is dominated by the loss of R Ϫ . Minor channels were observed in these dissociations, but they are less than 2% of the total product and therefore should not significantly affect the formation of the major product. These minor channels were ignored in the analyses. The fits of the energy-resolved cross sections for dissociation of the alkoxy siliconates are shown as solid lines in Figure 1 . Modeling parameters for each of the single pathway reactions are given in Table 1 . For these reactions, the cross section data were modeled by assuming loose, dissociative variational transition states, typical for direct cleavage processes [65] . Overall uncertainties were determined as described in the Experimental section. The following sections describe the specific results for each siliconate ion. Ϫ , m/z 91) was also observed upon CID, but accounted for less than 2% of the ionic products over the entire energy range and was ignored. The Brauman and co-workers [71] have previously shown that reaction of hexamethyldisiloxane with fluoride in an ICR can be used to generate trimethylsiloxide. In the higherpressure conditions of the flowing afterglow, the adduct (CH 3 ) 3 SiOSi(CH 3 ) 3 F Ϫ (m/z 181) is also formed. Upon CID, the adduct loses fluorotrimethylsilane leaving trimethylsiloxide, (CH 3 ) 3 SiO Ϫ (m/z 89) as the major product. A very small amount of HF loss is also observed, giving (CH 3 ) 3 SiOSi(CH 3 ) 2 CH 2 Ϫ (m/z 161). Cross sections for formation of (CH 3 ) 3 SiO Ϫ are shown in Figure 1 . The bond dissociation energy of trimethylsiloxide to fluorotrimethylsilane was found to be 0.93 Ϯ 0.09 eV (21.4 Ϯ 2.1 kcal/mol, Figure 1 , Table 1 ).
Reaction of F
Ϫ with Methoxytrimethylsilane, CH 3 OSi(CH 3 ) 3 Decomposition of fluorotrimethylmethoxysiliconate, CH 3 OSi(CH 3 ) 3 F Ϫ was also investigated. The ion was prepared using two separate approaches, either by addition of methoxide to fluorotrimethylsilane or by addition of fluoride to methoxytrimethylsilane. Similar results were obtained for the two generation methods. The adduct undergoes CID at 25 eV (lab) by loss of fluorotrimethylsilane (ϳ20%), loss of methanol (ϳ70%) and loss of methane (ϳ10%). Surprisingly, loss of methanol was the major pathway, unlike all of the other RSi(CH 3 ) 3 F Ϫ systems that gave predominantly loss of FSi(CH 3 ) 3 . Although it is in principle possible to model a system with three channels, because of the dissimilarity between the dissociation of this ion and the other alkoxysiliconates, it was not examined further. Ϫ (m/z 160). Formation of hexamethyldisilazide by deprotonation with fluoride in an ICR spectrometer has been reported previously [49, 72] . A very small amount of methane loss was also observed, but this pathway accounted for less than 1% of the total reaction and was not considered further. Energy-resolved cross sections for two major dissociation channels are shown in Figure  2 . At high energies (Ͼ1 eV), loss of FSi(CH 3 ) 3 is the dominant pathway.
The competitive dissociation was modeled by assuming that both processes proceed by direct dissociation with product-like, variational transition states in the phase space limit (Figure 2 ). Attempts to model the data by using a tight transition state for one of the channels gave significantly poorer fits to the data. Therefore, if it assumed that at least one of the pathways proceeds by direct dissociation, then the best results are obtained by treating both pathways in this fashion. Modeling of the two pathways gave similar dissociation barriers. The affinity of FSi(CH 3 ) 3 to (CH 3 ) 3 SiNH Ϫ was found to be 1.36 Ϯ 0.10 eV (31.4 Ϯ 2.3 kcal/mol) and the barrier for loss of HF was 1.41 Ϯ 0.13 eV (32.5 Ϯ 2.9 kcal/mol, Table 2 ).
The fact that both channels proceed by loose, productlike transition states requires that there is a mixture of ions, or that there is a double-well potential surface for the dissociation with a low energy barrier separating the two minima. Changing the source conditions does not affect the branching ratios for the dissociation, suggesting (al-though not requiring) that they do not originate from a discrete ion mixture. However, we have recently shown [28] that the transition states for channels originating from double-well potentials reflect the exit channel properties when the barrier that separates the minima is much lower than the dissociation energy [73, 74] , such that the dissociation appears to be arising from distinct reactants. Computational evidence supporting the double-well potential picture is presented in the next section.
Computational Results
Structures and frequencies for the pentavalent siliconates and CID products were computed at the B3LYP/6-31 ϩ G* level of theory. Valence-Shell Electron-Pair Repulsion (VSEPR) rules predict that pentacoordinate systems should have the smallest substituents in the axial position, and larger substituents in the equatorial positions. Thus, the fluorine substituents prefer the axial position in the lowest energy geometries. However, in the cases of the oxysubstituted siliconates (CH 3 3 F Ϫ ), the lowest energy structures also have the alkoxy substituents in the axial positions (Table 3 ). Calculated energy differences between the axial (1a) and equatorial (1b) geometries are typically 3-4 kcal/mol. Kass and coworkers have previously shown that bulky substituents tend to occupy the axial position in pentavalent siliconates [75] , and it has also been suggested that the substituents may prefer the axial position because they are more electronegative than the methyl groups [76] .
Alternatively, for the fluoride adduct of HMDS the lowest energy structure has the (CH 3 ) 3 SiNH substituent occupying an equatorial position (2b), as opposed to the axial (2a). The species (CH 3 ) 3 SiNHSi(CH 3 ) 3 F Ϫ adopts a structure in which the amino hydrogen and the fluoride are anti to one another. The structure where the amino H and F are syn to one another is calculated to be 4.1 kcal/mol higher in energy (2c). The fitting parameters shown in the top half of Table 2 were obtained using the frequencies for ion (2b). The proton-bound HF cluster of the anion (CH 3 ) 3 SiNSi(CH 3 ) 3 Ϫ (2d) was also considered as a possible reactant. This structure was found to be 3.8 kcal/mol higher in energy at the B3LYP/6-31 ϩ G* level of theory, and 6.3 kcal/mol higher in energy at the MP2/6-31 ϩ G* level of theory. Attempts to calculate the alternate hydrogen-bonded structure consisting of fluoride bound to HMDS were unsuccessful, and always led to structure (2d). This is not surprising because HMDS is ca. 15 kcal/mol more acidic than HF [49] .
Overall, the calculations predict (2b) to be the lowest energy structure. However, given the calculated enthalpy differences between (2b) and (2d), the population of (2d) at equilibrium could be anywhere from significant to negligible. B3LYP/6-31 ϩ G* free energies (298 K) for (2b) and (2d) suggest that there is an almost equal amount of (2b) and (2d) (free energies of (2b) to (2d) are within 0.02 kcal/mol), whereas MP2/6-31 ϩ G* free energies indicate a much smaller equilibrium constant (K ϳ 0.01) favoring (2b). Thus, calculations suggest that there may be a significant amount of each species present as a mixture. Because the energies of (2b) and (2d) are sufficiently close given the accuracy of the calculation, we have also modeled the data assuming structure (2d) as the reactant (bottom half of Table 2 ). With this reactant, slightly lower dissociation energies are obtained. It is possible that the actual ion population is a mixture of the two structures. In that case, contributions due to dissociation of the higher energy isomer may lead to a slightly lower energy threshold, and therefore lead to an apparent dissociation energy that is lower than that required for the lowest energy reactant. However, because the cross sections near threshold are not included in the fit, the effect of the high energy isomers will be minimal.
We have also calculated the structure of the hexamethyldisilazide anion, (CH 3 ) 3 SiNSi(CH 3 ) 3 Ϫ . At the B3LYP/6-31 ϩ G* level of theory, the central angle (Si-N-Si) is calculated to be nearly linear (179.8°), in agreement with results of Bartmess and co-workers [72] , who found a bond angle of 178.9°at the MP2/6-31 ϩ G* level of theory. Interestingly, in contrast to previously reported results [72] , our calculations at the MP2/6-31 ϩ G* level of theory gave a geometry with a bond angle of 145.3°that is found to have all real force constants and therefore is calculated to be a true minimum on the potential energy surface. However, the MP2/6-31 ϩ G*//B3LYP/6-31 ϩ G* energy is only 0.4 kcal/mol higher than that of the calculated MP2 minimum, consistent with the assessment that the potential energy surface is very flat. The B3LYP/6-31 ϩ G* frequencies for the very nearly linear structure were used for the data modeling, whereas the energy minima were used for energetics calculations.
The calculated values of the FSi(CH 3 ) 3 affinities examined in this work are included in Table 1 . In general, slightly better agreement is found for the B3LYP/6-31 ϩ G* results over the MP2/6-31 ϩ G* results, although for i-propoxide, the measured value is essentially between the calculated values.
The fluorotrimethylsilane affinity has also been calculated for the silazide anion, (CH 3 ) 3 SiNH Ϫ . Loss of FSi(CH 3 ) 3 from the fluoride adduct is calculated at the B3LYP/6-31 ϩ G* level of theory to require 26.1 kcal/ mol, as compared to a value of 35.7 kcal/mol at the MP2/6-31 ϩ G* level of theory. The B3LYP value is in good agreement with the experimental value of 27.9 Ϯ 1.8 kcal/mol obtained when using structure (2d) as the reactant ion ( Table 2) . Formation of hexamethyldisilazide by loss of HF from (2d) is calculated to require 31.2 kcal/mol at the B3LYP/6-31 ϩ G* level of theory, 5 kcal/mol larger than the energy required for FSi(CH 3 ) 3 loss, whereas the MP2/6-31 ϩ G* value for HF loss is 36.2 kcal/mol, only 0.5 kcal/mol higher than the barrier for silane loss. Therefore, whereas the B3LYP energy for loss of FSi(CH 3 ) 3 is in closer agreement with the experimental value, the MP2 prediction that the energies required for the two competing channels are similar is in better agreement with the experimental finding that the energy difference between the two points is small ( Table 2) .
From the calculated results, a potential energy surface for the dissociation of the HMDS/fluoride adduct is shown in Figure 3 . As expected, the system consists of a double-well potential. The most important point on the surface is the transition state for the interconversion of (2b) and (2d), which is 11 kcal/mol higher than structure (2b). Therefore, structures (2b) and (2d) can interconvert rapidly at energies well below the required dissociation (eq 4) such that the initial composition of the ion mixture is not maintained. Because the reactant structures interconvert rapidly, FSi(CH 3 ) 3 can be lost by direct dissociation of (2b), whereas HF is formed by dissociation of (2d). This is in agreement with the experimental conclusion that both products are formed via loose transition states. This kinetic model for decomposition of (2) is analogous to the Curtin-Hammett principle [73, 74] familiar in physical-organic chemistry.
(4)
Discussion
In this section, we compare the measured silane affinities and consider additional derived thermochemical properties. In general, the silane affinities of the anions reflect the gas-phase acidities of their conjugate acids. A plot of silane affinity vs. anion proton affinity is shown in Figure 4 . In addition to the values measured in this work, we have included a CH 3 Ϫ affinity to FSi(CH 3 ) 3 , which can be derived from the fluoride affinity of tetramethylsilane [43] . A reasonable correlation is observed suggesting that the proton and FSi(CH 3 ) 3 share similar reactivity in terms of fundamental acid-base behavior. From the plot, we obtained an empirical linear relationship (eq 5) between the fluorotrimethylsilane affinity [SA(R Ϫ )] and acidity of the conjugate acid of nucleophile R Ϫ . This relationship can be used to predict other silane affinity values.
For example, given the acidity of water (390.3 kcal/ mol) [77] , the silane affinity of OH Ϫ is predicted to be ϳ35 kcal/mol, which agrees with the lower limit of 27 kcal/mol established from the reactivity of solvated OH Ϫ with FSi(CH 3 ) 3 [28] . On the other hand, using this relationship, the acidity of HF (371.3 kcal/mol) [77] suggests a fluoride affinity of 28 kcal/mol for FSi(CH 3 ) 3 , well below the experimental value of 38 kcal/mol (or higher) [43] . Therefore, the relationship in eq 5 apparently does not apply to all substituents.
In some cases, the measured silane binding energies can also be used to determine fluoride affinities of the substituted silanes. The relationship between fluoride affinity (FA) and fluorotrimethylsilane affinity (eq 6, values at 298 K), shows that fluoride affinities can be derived for silanes with known enthalpies of formation. 3 SiNH-(modeled assuming structure 2b) overlap. The start of the arrow is the lower limit for the hydroxide affinity of FSi(CH 3 ) 3 [28] , and the arrowhead indicates an predicted value of ϳ35 kcal/mol. 
Derived fluoride affinities are listed in (7) The small value for the calculated enthalpy of this reaction suggests that the enthalpy of formation of (CH 3 ) 3 SiNH 2 can be reliably estimated by using a bond additivity approach. Using the measured enthalpies of formation of (CH 3 [43] . d The results depend on the structure assumed for the reactant ion, (2b) or (2d). Both results are reported (see Table 2 and text). e This value could not be derived (no ⌬H f value available). f Computed value at B3LYP/6-31ϩG* and (MP2/6-31 ϩ G*).
kcal/mol, Table 4 ) than would be obtained when using the previously reported values. For example, using the value of Ϫ69.6 kcal/mol reported by Becerra and Walsh leads to a fluoride affinity of ca. 57 kcal/mol, significantly higher than the calculated value, and is, moreover, significantly higher than any previously reported value for a trimethylsilane [77] . The fluoride affinity derived from the revised enthalpy of formation is in the range of those reported previously for these types of systems [77] . It should also be added that all of these experimental fluoride affinities depend upon a recommended value for the enthalpy of formation of fluorotrimethylsilane [50] . Combination of the fluorotrimethylsilane affinity of the anion and the fluoride affinity of the silane provides insight into the desilylation reaction. For fluorideinduced desilylation to occur in the gas phase, the fluoride affinity of the silane must be larger than the silane affinity of R Ϫ . The differences between fluoride and silane affinities are shown in Table 4 . Fluorideinduced desilylation is found to be thermochemically allowed with all of the silanes examined in this work, albeit marginally for ethoxytrimethylsilane. Therefore, alkoxide ion formation by fluoride-induced desilylation is shown to be thermochemically viable, consistent with the observed reactivity [7] . Similarly, the difference between the FA of tetramethylsilane and the FSi(CH 3 ) 3 affinity of methide is ϳ13 kcal/mol, consistent with the observation that the only observed reactions between fluoride and TMS are adduct formation (94%) and proton transfer (6%) [7] . Damrauer and co-workers have previously addressed the general importance of the balance between the affinity of the silane to the incoming anion and the leaving group [29] .
Conclusions
Collision-induced dissociation studies of pentavalent siliconates have been used to assess thermochemistry of fluoride-induced desilylation reactions. Although the thermochemistry can usually be calculated for enthalpies of formation and gas-phase acidities, the combination of fluoride and silane affinities can be used to assess cases where gas-phase acidities are not known. Our results indicate that fluorotrimethylsilane affinities of ions generally track the ion proton affinities, accounting for the observations that more basic ions are more difficult to generate by fluoride-induced desilylation.
